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Abstract 
The US Department of Energy’s Regional Carbon Sequestration Partnerships (RCSPs) are responsible for generating geospatial 
data for the maps displayed in the Carbon Sequestration Atlas of the United States and Canada. Key geospatial data (carbon 
sources, potential storage sites, transportation, land use, etc.) are required for the Atlas, and for efficient implementation of 
carbon sequestration on a national and regional scale. The National Carbon Sequestration Database and Geographical 
Information System (NatCarb) is a relational database and geographic information system (GIS) that integrates carbon storage 
data generated and maintained by the RCSPs and various other sources. The purpose of NatCarb is to provide a national view of 
the carbon capture and storage potential in the U.S. and Canada. The digital spatial database allows users to estimate the amount 
of CO2 emitted by sources (such as power plants, refineries and other fossil-fuel-consuming industries) in relation to geologic 
formations that can provide safe, secure storage sites over long periods of time. The NatCarb project is working to provide all 
stakeholders with improved online tools for the display and analysis of CO2 carbon capture and storage data.  
 
NatCarb is organizing and enhancing the critical information about CO2 sources and developing the technology needed to access, 
query, model, analyze, display, and distribute natural resource data related to carbon management. Data are generated, 
maintained and enhanced locally at the RCSP level, or at specialized data warehouses, and assembled, accessed, and analyzed in 
real-time through a single geoportal. NatCarb is a functional demonstration of distributed data-management systems that cross 
the boundaries between institutions and geographic areas. It forms the first step toward a functioning National Carbon 
Cyberinfrastructure (NCCI). NatCarb provides access to first-order information to evaluate the costs, economic potential and 
societal issues of CO2 capture and storage, including public perception and regulatory aspects. NatCarb online access has been 
modified to address the broad needs of a spectrum of users.  NatCarb includes not only GIS and database query tools for high-end 
user, but simplified display for the general public using readily available web tools such as Google Earth™ and Google Maps™. 
 
Not only is NatCarb connected to all the RCSPs, but data are also pulled from public servers including the U.S. Geological 
Survey-EROS Data Center and from the Geography Network. Data for major CO2 sources have been obtained from U.S. 
Environmental Protection Agency (EPA) databases, and data on major coal basins and coalbed methane wells were obtained 
from the Energy Information Administration (EIA). 
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1. Introduction 
The National Carbon Sequestration Database and Geographic Information System (NatCarb) provides a 
national coverage across the US Department of Energy’s (DOE) Regional Carbon Sequestration Partnerships 
(RCSPs).  Currently, the partnerships cover 42 states, three Indian Nations and four Canadian provinces.  Advanced 
distributed computing solutions are used to link database servers across the partnerships and other publicly 
accessible servers (e.g., United States Geological Survey, Google Map™) into a single system where data is 
maintained and enhanced at the local level, but is accessed and assembled through a single Web portal (Figure 1).  
NatCarb extends the concept of cyberinfrastructure, first defined by the National Science Foundation [1-3], to 
address carbon capture and storage.  Cyberinfrastructure refers to an integrated computing environment that 
provides access to information, problem solving capabilities, and communication.  A well-formulated National 
Carbon Cyberinfrastructure (NCCI) design, incorporating advances in informatics and geographic information 
systems (GIS), is essential for a national approach to carbon sequestration science and technology efforts [4].  The 
NatCarb project improves the flow of data across servers and increases the amount and quality of available carbon 
sequestration information at national, regional and local scales.  
 
NatCarb consists of an online accessible and distributed computing environment that provides paths to the 
acquisition, storage and distribution of critical geospatial and tabular data from multiple sources, and information 
services for search, visualization, and analysis.  Geological sequestration data, focused on the assessment of large-
scale geological sequestration, include measurements of potential storage volumes and the monitoring and 
verification of ongoing demonstration projects, such as those undertaken as part of the RCSPs, and efforts of other 
public and private entities.  The data are gathered in participating data warehouses, and linked with online analysis, 
visualization, and modeling tools to form a Knowledge Base (Figure 2).  Information is accessed and assembled 
through a Web portal and provided to the decision-makers and the general public.  In order to successfully design a 
successful national carbon cyberinfrastructure, we must provide on-going reliable access to a comprehensive set of 
data libraries, model simulations, and associated tools.  
 
The NatCarb project organization is unique in that it is distributive, geographic and overlapping.  The 
organization is structured along both geographic boundaries and broad functions.  The geographic focus of the 
Regional CO2 Partnerships provides strong local expertise to characterize both CO2 sources and potential geologic 
sequestration targets.  The interaction between computing and domain teams at the local level provided unique 
solutions to address challenges and advanced both areas.  The flexibility provided by the distributive structure of the 
NatCarb system allows for local experiments in data type, structure and display.  Successful “experiments” can be 
propagated across the Regional CO2 Partnerships. 
 
The NatCarb project is a functional first-step demonstration of cyberinfrastructure as an effective federation of 
both distributed resources (data and facilities) and distributed multidisciplinary expertise (Regional CO2 
Partnerships). The system links together data from the RCSPs concerning sources, sinks and transportation within a 
spatial database that can be queried online.  Information that addresses CO2 sequestration is provided through a 
single interface that accesses the coverages and data from servers in each participating partnership and other servers 
providing national coverages.  The NatCarb system is scalable and can be expanded to access, query and display 
CO2 sequestration data on any accessible server at a participating site.  NatCarb provides complete distributed 
management of the system (i.e., data and GIS layers can be edited and loaded from anywhere in the NatCarb 
system).   The complexity and volume of data required to address CO2 sequestration on a national and international 
basis rapidly increases the demands on any system to display the information, to integrate the data with models for 
analysis and to manage the system.  A distributed environment is required to address the complex challenges of 
creating a nationwide network of partnerships to bring the technical and policy expertise together with sufficient 
data to determine the most suitable technologies, regulations, and infrastructure for carbon capture, storage and 
sequestration in different areas.  Access to high quality and up-to-date data related to CO2 sequestration can assist 
decision makers by providing access to common sets of high quality data in a consistent manner in order to 
minimize the negative economic impact, and maximize the possible value of the CO2 sequestration while addressing 
issues of heath safety and the environment. 
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Figure 1. NatCarb homepage (http://www.natcarb.org/) showing various links to access information on sources and 


























Figure 2. NatCarb homepage (http://www.natcarb.org/) showing various links to access information on sources and 
sinks across the United States and Canada. 
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2. Indentifying Opportunities for CCS 
Since 2003, RCSPs have been working to characterize the potential sequestration capacity in the United States 
and Canada, as summarized in NatCarb and the Carbon Sequestration Atlas of the United States and Canada [5].   
The Atlas and NatCarb have documented and display the location of more than 4,796 stationary sources with total 
annual emissions of 3,276 million metric tons of CO2.  This includes CO2 emissions from major power plants 
(coal and natural gas), biofuel plants, refineries, cement plants, and other industrial operations.  Emissions data is 
available at multiple levels from nation to individual source. 
 
Geological storage (GS) requires a reservoir and seal (caprock) to trap CO2 for long periods of time, and can 
occur in three major geological targets in sedimentary basins.  These are: 
• deep saline formations, saturated with brackish water or brine;  
• oil and gas reservoirs; and 
• deep coal beds [6]. 
Basalt formations and organic rich shale have been proposed as potential GS options, but their utility and suitability 
need to be demonstrated [5, 7].  To maintain the CO2 in the subsurface requires geologic conditions that create a 
trap.  These include one or more layers of impermeable rocks (caprocks), which are layers of sediments (shale or 
evaporates) that impeded the movement and act to trap the CO2 for millennia.  Available through NatCarb is 
information at the national, regional, state and local levels on each of the three major geological targets in 
sedimentary basins.  
 
Mature oil and gas reservoirs have held crude oil and natural gas over millions of years.  They consist of a 
layer of permeable rock with a layer of nonpermeable rock (caprock) above, forming a trap that holds the 
hydrocarbons in place.  Oil and gas fields have many characteristics that make them excellent target locations for 
geologic storage of CO2.  The geologic conditions that trap oil and gas are also the conditions that are conducive to 
CO2 sequestration.  While not all potential mature oil and gas reservoirs in all states and provinces have 
been examined, the RCSPs have documented the location of almost 129.6 billion metric tons of geologic 
storage potential in 10,708 oil and gas reservoirs distributed over 27 states and 3 provinces.  Identified geologic 
storage potential in oil and gas reservoirs has increased approximately 40 billion metric tons of from the previous 
version of the Atlas [5].  Estimated geologic storage potential for individual mature oil and gas reservoirs by state 
and reservoir is available through the interactive NatCarb Atlas and online tables. 
 
Unmineable coal seams are too deep or too thin to be economically mined.  All coals have varying amounts 
of methane adsorbed onto pore surfaces, and wells can be drilled into unmineable coalbeds to recover this 
coalbed methane (CBM).  Initial CBM recovery methods, such as dewatering and depressurization, leave a considerable 
amount of methane in the formation.  Additional recovery can be achieved by sweeping the coalbed with CO2.  
Depending on coal rank three to thirteen molecules of CO2 are adsorbed for each molecule of methane released, 
thereby providing an excellent storage site for CO2 along with the additional benefit of enhanced coalbed 
methane (ECBM) recovery.  Similar to maturing oil reservoirs, unmineable coalbeds are good candidates for CO2 
storage.  While not all potential areas of unmineable coal have been examined, the RCSPs have 
documented the location of 170-197 billion metric tons of CO2 geologic storage potential in unmineable coal 
seams distributed over 24 states and 3 provinces.  This is an increase of approximately 14 billion metric tons of 
identified storage from the previous version of the Atlas.  Estimated geologic storage potential for individual coal 
areas is available by state through the interactive NatCarb Atlas and online tables. 
 
Saline formations are layers of porous rock that are saturated with brine.  They are much more extensive than coal 
seams or oil- and gas-bearing rock, and represent an enormous potential for CO2 geologic storage.  However, much 
less is known about saline formations because they lack the characterization experience that industry has acquired 
through resource recovery from oil and gas reservoirs and coal seams.  Therefore, there is a greater amount of 
uncertainty regarding the suitability of saline formations for CO2 storage.  While not all saline formations in the 
U.S have been examined, the RCSPs have documented the locations of such formations with an estimated 
sequestration potential ranging from 3,300 to more than 12,200 billion metric tons of CO2.  As a result of the 
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inclusion of new evaluations from the Gulf Coast and other areas, identified potential for CO2 geologic storage in saline 





















Figure 3. NatCarb GoogleMap™ client showing access at multiple scales from national to individual stationary CO2 
sources including major power plants (coal and natural gas), biofuel plants, refineries, cement plants, and other 
industrial operations.  While not all potential sources have been examined, RCSPs through the NatCarb effort have 
documented the location of more than 4,796 stationary sources with total annual emissions of 3,276 million 
metric tons of CO2.   
 
increased approximately 2,000 to 9,000 billion metric tons from the previous version of the Atlas.  Estimated 
geologic storage potential for individual saline formations is available by state through the interactive NatCarb Atlas 
and online tables. 
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3. Enhancements to NatCarb 
Recent improvements include use of more user friendly clients such as GoogleMap™ and GoogleEarth™ and a 
simplified Internet Map Server (IMS) (Figures 3, 4).  These “lite” clients are intended for decision makers and the 
general public who are not GIS experts, and include information on major CO2 sources and potential geologic 
storage sites coupled with limited display and analysis capabilities.  There are primarily used to display national data 
that were assembled as part of construction of the DOE’s Carbon Sequestration Atlas of the United States and 
Canada [5].  Images and data are presented as both high-quality static graphic images and interactive online images.   
 
Recent enhancements include the ability to display data from saline formations through a significant database of 
aquifer geochemistry.  The data consists of geographic location, stratigraphic unit, water geochemistry, temperature 
and depth for over 100,000 brine samples.  The data consists primarily of standard water geochemistry 
(cations/anions), but there are samples that contain more esoteric data (e.g., isotopic values and organic species).  
New tools have been developed to provide improvements in the query, display and analysis of brine geochemistry 
using a variety of online tools. 
  
GIS layers accessible through NatCarb provide access to millions of records at multiple scales from points to 
polygons (e.g., individual well bore or CO2 source to saline aquifers across regions and states).  Online data can be 
accessed, merged, queried, analyzed and displayed to fit the needs of the individual user.   NatCarb has developed 
tools to select sequestration sites meeting multiple criteria (e.g., geographic location, depth, temperature, etc.) and 



























Figure 4. NatCarb GoogleEarth™ client showing access at multiple scales from national to individual stationary 
CO2 sources including major power plants (coal and natural gas), biofuel plants, refineries, cement plants, and other 
industrial operations.   Use of the GoogleEarth™  interface provides access to simplified navigation tools and high 
quality imagery.   
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4. Conclusions 
The NatCarb project continues as a successful venture in which funding from the National Energy Technology 
Laboratory (NETL) of the Department of Energy has been used to leverage natural resource knowledge and enhance 
the GIS expertise of the Regional Carbon Sequestration Partnerships.  Usage of the NatCarb site has steadily 
increased and represents a broad user community.  The Regional Carbon Sequestration Partnerships and NatCarb 
provide the first steps forward in development of a National Carbon Cyberinfrastructure (NCCI).  NatCarb provides 
the critical information to policymakers, scientists, and engineers in the field of reduction of CO2 emissions on 
sources, capture, transport, and storage of CO2 within a geospatial local to continent-scale framework. A complete 
NCCI must also provide the information to discuss the costs, economic potential, and societal issues of CO2 capture 
and storage, including public perception and regulatory aspects.  Thus, a successful NCCI should provide the basis 
to evaluate the potential of CO2 capture and storage, and provide strategies to mitigate economic costs and maximize 
environmental benefits. The future capture and storage of CO2 will depend on a number of factors, including 
financial incentives provided for deployment, and whether the risks of storage can be successfully managed. 
However, a well designed NCCI can provide invaluable geospatial information at local to continent scales for 
scientific and technical personnel, policymakers in governments and environmental organizations, and the interested 
concerned public to adequately address the complex issues of CO2 capture and storage for mitigating future climate 
change. 
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